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ABSTRACT

This paper aims at finding the optimal combination of verbal instruction and

on-line practice for learning a nev computer application: Experimental

user-manual descriptions and working training problems on-line. The form of

the training pioblems was varied within subjects in order to control how much

subjects learned commands for an electronic spreadsheet by reading brief

independent prcblem solving subjects engaged in wvhile learning any given
command. Ther~ were three forms of practice: (1) Pure Guided Practice, in
which subjects ere told exactly what keystrokes to type to solve the
problems; (2) Pure Problem Solving Practice, in which subjects soived

problems without guidance; and (3) Mixed Practice, in which the first -
problem for a cowmand was presented in Guided Practice form and two others in

Problem Solving form. The spacing of the training problems was also ,
manipulatecd; tho problems pectaining to a given command were either Massed
(i.e., presented -onsecutively), or Distributed (i.e., separated by other
instructional raterial). Aiter a 2-day delay; subjects solved new problems

on the computer without reference to thé instrictional materials. The
results indicate that problem solving was a more difficult form of training
than guided practice, but it produced the best performance at test.

Distributing the spacing of training problems during training also improved
performance at test The results have clear pragmatic implications for the

design of interactive tutorial manuals as well as implications for cognitive
models of skill acquisition.
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Abstract

practice for learning a new computer application. Experimental subjects Isarned commancs
for an elsctionic spreacsheet by reading brief user-manual descriptions and working traiing
problems or-line. The form of the training problems was varied within subjects in order 1o

others in Problem & iving form. The spacing of the training problems was also manipulated:
the problems pertaining to a given command were eilher Massed (i.e.. presented

delay, subjects solved new problems on the computer without reference io ihe instructional
materials. The restlis incicate ihai problem solving was a more difficult form of training than

guided pidctice, but it produced the best performance ai test. Distributing the spacing of

training problems during training also improved performance at test. The results have clear

for cognitive models of skill acquisition.
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Designers of instructional manuals fo' computer users are beginning to recognize the
importance of cognitive models of text comprehension and skill leaining for making decisions

about such issuzs as information conten* organication. iayout, and so on. This trend is all

principies for text design. For example, two powerful ieirning straiegies that ha'e received

great attention ‘n recent years are /eaming from examples and discover - learniig.  These

strategies suggest quite different approacias to the content of instructional tex:s.  The

learning from examples approich suggests that the text provide numerous worked-out

examgles that learners can use as models for solving problems on their own. Sweller and
Cooper (1985) advocate this approach for ieaching math studens to apply algebra
procedures appropriately. In contrast, Carroll. Mack, Lewis, Grischkowsky «nd Robeértson
(1985) argue that people learning to us2 a word processor shouid set their own goais and
explore the workings of the system with minimal guidance from the text. Carroll and his

standard commercial manua! design. The first aspect concerns the degree of explicit
explanation. In the traditional view, instructional manuals for novice users should be as
complete and explicit as possible, containing detailed explanations of every relevant corcept
anu procedure (TéUSWbi’ihé, 1979; Pi’iCé, 1984). However, as many people have bbééi’véd,
computer users generally dislike reading long. detalled manuals; they prefer to have someone

show them what to do or figore things out for themselves (Draper; 1984; Scharer; 1983;
after studying drastically shortened manuals that eliminated laige sections of explanation and

elaborations than after studying a full-length commercial manual.  In contrast, Reder,
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Charney. and Morgan (1986€) prepared two versions of a manual for the PC-DOS operating
system. one version with elaborations and the other without. Subjects who studied the

unelaborated manual. However. when the availability of elaborations was ccatrolied by type,

provides users with directed, step-by-step, hands-on practice. In many respects, tutorials are
quite similar to the presentation of worked-out examples; the major differerce is the addition

of the motor activity of carrying out the step-by-siep insiructions and viswing the system's

exploration and that instead of describing each system feature explicitly and guiding learners
through tutorial éxercises, manuals should leave many details of the system to be discovered

mechanically, withcut thinking enough about the purpose of edach action. However, it is not
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it was the primary cause of the improvement that Carroll &t al. (1985) found. As ihe

clarity. and organization of the two manuals; so it is difficult to know how much the

discoery aspect of the experimental materiais contributed to the results. Second, discavery

them. Since problem solving is itself a powerful learning tool, it may have been this rather

than the goal setting and exploration that contributed most to learning.

There are several reasons why discovery learning may not be the optinial way tc learn a
new. system. An important part of learning a new Systém is knowing when any given

procedure is most appropriate (Charney & Reder, in press; Reder, Charney & Morgan,

1986). THic kind of knowledge is often difficult to acquire without previous exposure to the

problem situations that may cemonly arise. People learning an operaling system or a

system's capabilities.  For example, a person who views a text editor as a glorified

typewriter may not be able to invent a problem involving multigle windows or search-and-

replace functions. Further, inexperienced users may neévér invént a problem for themselves

that demonstrates the advantages of one procedure over another. As we argue elsewhere

(Charney & Reder, in press), unless learners are presented with the situations that motivate

find most memorable; regardiess of its efficiency. Finally, ncvice ucers who learn orimarly

throuah explorng a system may develop and retain Serious misconceptions uniess their

exploratiori leads to a highly salient errcr or problematic result (Neuwirth, 1985).

Sweller and Cooper (1985) have similar doubts about problem soling itself, which is an

integral part of discovery learring. Sweller and Cocpér argue that learners benefit more from

Yol
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studying workéd-out examples than from probléin sclving, ai least early in the learning

process.  Problem solving, they contend, interferes with the acquisition of schemas of
problem types which are necessary ior lezrning to use procedures appropriately.  For

problem types and knows equations that are suitable for each type. Unless novices acquire

similar schamas; they must fall back on standard problem solving search techniques to find
appropriate procedures to use. They may spend a long time on friitless soltition paths

experience.  Studying worked-out examples of math probléms gives students the necessary

paradigms may be due to a difference in what aspect of skill learning is under investigation.
Studying examples may be imgortant for certain components of skill learning, while discovery
learning may be impontant for others. To explore this possipbility, we must consider more

carefully the typss of learning that go on in initial skill acquisition. We conceive of initial

Charney & Reder. in press):

o leariing novel concepts and the functionality of ncvel procedures;

 learning how to execute the procedures;

iearning the conditions under which a procedure is applied; and remembering the
best procedure to execute in a given situation.

i0
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recognizing which procedures are appropriaie in particular situations. |n our earlier research

examplés concérning the second component; namely how to evecute procedures, but not

from elaborations on the concepts or when to apply procedures. Our results suggested that
manuals with examples of correct commands are superior to manuals without such
elaborations; but we had not contrasted reading examples against carrying oui tutorial

The present experiment contrasted various combinations of Writteén instruction and active

problem solving during training in learning © cogritive Skill. namely, leaming io use an

electroric spreadsheet. To learn Some éb'réa’ds.héét commands, subjects worked through
solutions 1o training 'p'r'o’b’iéi'n’é step-by-step in a tutorial format (Pure Guided Practice): For
other commands. they solved training problems independently (Pure Problem Solving) For a
final group of commands. subjects received a combination of Guided Practice and Probler
Solving (Mixed Practice). Finally, a group of Control subjects studied the compleie sei of

training problems, all with explicit solutions, but did riot type anyihing at the computer.

parameter specifications until tHey have seen ihe procedure demonsirated. Studying the
steps of an example problem without actually carrying them out may not be sufficient for

comprehension and long term retention: As noted above, carrying out step-by-step

11
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instructions alsu provides information about the system’s prompts and icedbuack. We

expected Guided Fractice to exhibit some of the benefits of examnles, such as helping
subjects lcain to distinguish between procedaies.  On the other hand, we expected Problem
which they may not learn well unless thoy are faced with problemis to solve without
guidance. Since guidance seems important for some ospects of skill learning, and

independent problem solving seems important for others, the best perfermance might arise in

it differs from Sweller and Cooper (1988) and Carroll et al. (1985). The design of our 'y
differs from that of Sweller ard Cooper in several imporant respests. First, Sweller and

Cooper did not havc a condition analogous to oiir Guided Practica condition. Trair subjec:s
studiec example algebra problems but did not work through them with sién-by-sieép guidance.
Second; Sweller and Cooper did not have a pure example training corndition. In order to

a similar problem to solve. Finaliy, Sweiler and Cooper's subjects wers tested immediately
after the training session, while we imposed a two-day delay between training and testing.
Our study makes a more rigorous comparison of learning by sxamples and probleni solviig
bacause it includes both ;SUré and mixed training conditions. We impcsed a delay between
training and test because we suspected that thé benefit of problem soiving may increase

el

A
~
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varied the type of practice subjects engaged in. Second, our subjects were provided with
opportunities for problem soling but riot for discovery learning:  Our claim is that a
substantial part of the advantage that Carroll et al. atiribute 1o discovery learning may be
due simply to the problem solving activity their subjects engaged in. We do rot test this
claim directly since we do not have a discovery learning training condition  However, our

exploration produces better performance than pure giided practice.

Our study also had a secondary goal that neither of the other studies s-ered;, namely; to

extend to the cognitive skill domain the well-known résult of superior learning with disiributed

better on recall tests if the training list disiribuied the repetitions of the items across the list
than if the repetitions appeared in the list consecutively (see Glenberg, 1979 and Hintzman,
to see whether increased problem-solving aciivity atientuates the berefit of disiibiited

practice.
Method

Design

The experimental subjects learied commands for tHe VisiCale eieciraric spreadsheet by
reading manual entries and working practice problems on the computer. The control
probleins (all with explicit solutions), but were not permitted to type anything at the keyboard

during the training session:

For all subjects; the text describing the commands was held corstant, but the Aaiure of
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the training problems and their spacing varied orthogonally. The Spacing factor determined

whether the trairing problems for a given cummand were presented consecutively {Massed),

or whether text and proolems concerning other commands intervened (Distributed). The
Spacing variable was a within subject variable; but the Practice Form variable was partly
between and partiy within subject. The control subjects saw only one form of training
sroblem. that is. with an explicit worked-out solution. The experimental subjects saw
different forms of training problems for diffe. .it commands. There were three forms of
practice: (i) Pure Guided Practice, in which siubjects weré told éxactly what keystrokes to

solved the training problems without guidance; and (3) Mix2ad Practice; in which the first
training problem for a command was in Guided Practice form and the remaining two
prok ems were in Problem Sowing form.

The Izst factor; Command DBifficulty; was within suobject; varying for both the experimental
and control groups. The commands were classified into two groups, “difficult” and “easy.”
Commands of both difficulty levels were randomly assigned to Practice Form and Spacing
conditions for each subject.

For both experimental and control groups, learning was measured in a delayed test in
which subjects solved additional problems on thé computer without reference to the training
materials. The main dependent measires were success at soling the problems and time at
task.

Materials

Individuai training manuals were prepared for each subject. Each manual began with a

general introduction to the VisiCalc electronic spreadsheet (725 words); including instruction

in scrolling the spreadsheet and movirg the cursor. Next came brief descriptions (averaging

14
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250 words) of 12 VisiCalc ‘commands (e.g.. entering and formatting data, deleting rows,

replicating entries). Six commands were classified as difficult because their syntax was
compiex: and six: with relatively simpie syntax: were classified as easy. These are listed ini

Tzble 1. The 12 commands were independent in the sense that learning the syntax for one
about the purpose of each command and an abstract rule for the command syntax. The

parts of the rule were explained in detail, but no examples c. cofrect commands were

or more training problems; presented individually on separate pages:

INSERT TABLE 1 ABOUT HERE

Four problems were constructed for each command; one was randomly selected to be

commands; but may have also required standard scrolling and cursor movement operations.

The experimental design required two versions of the training problems: a version that
presented a step-by-step solution (Guided Practice form) and a version that simply presented
a goal that subjects were to achieve on their own (Problem Solving form).'  Figure 1

presenis ihe two versions of the instructions for a problem pertaining to the Mové command

and the associated Visi€alc display.

15
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INSERT FIGURE 1 ABOUT HERE

As indicated in the part A of Figure 1. the Guided Practiceé form of a problem stated
the goal without naming a specific command for achieving it. The goal was foliowed by the
instruction “TYPE THIS” and a solution to the problem, oresented as a sequence of keys to
press. In Problem Solving form (part B of Figure 1) the wording of the goal was preserved
as far as possible, and the instructions for what to type were simply emitted. All training

problems that required problem solving provived feedback on tie rext page. In order io

occasionally included a diagram of the goal-state of the spreadsheet. In the Probiem Soiving
form of these problems, the diagrams appeared or the same page as the instructions, but
in Guided Practice form. they appeared as feedback on the following page.

constraint that four commands were assigred to Pure Guided Practice, four io Pure Probiem
Solving Fractice and four to Mixed Practice. The assigniiient was furiher constrained to
ensure that two of the commands assigned tn sash farm were difficult and two were easy:

' 16
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appeared immediately after the relevant manual entry. For commands in the distri~:it2d

condition. one problem appeared immediately after the ielevant manual entry, and the

remaining two problems appeared later in the manual after entries and problems pertaining
to other commands. The amount of intervening material between the distribiited problems

ranged from 1 new manua! entry and 3 non-pertinent problems to 3 rranual entries and 7

O,

problems. To ensure for adequate spacing of the commands, we consiructed
massed/distribited Spacing templaie. Alihough the presentation order of commands was

randomized for each subject; the template determined the relative positions of training

problems within the manual:

In addition to the training manual for each subject; a test booklet was constructed that

separate page of the test booklet. The Problem Solving form of the probleris were used,
except that no feedback was provided.
Subjects

Forty-four members of the Carnegie-Mellon University community (undergraduates, staff
and graduates) parlicipated in the experiment.  Subjects varied i1 previous computer

subjects’ experience and to screen out subjects who were familiar with eiectronic
spreadsheet programs: (This will be discussed further in the resuits section.) Subjects were
paid at a rate of $3 per hour for participating in the experiment or received a combination
of money and course credit for a psychology class.
Procedure

Subjects were run individually in two sessions: a training session and a testing session

two days later.
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At the start of the trair g session, subjects were seated before an IBM Personal

Computer (IBM-PC) displaying a blank VisiCalc spreadsheet. The training manual rested on

a lecturn beside the IBM-PC. Subjects were instructed to read the manual one page at a
time, without turning back to previous pages. Subjects in thé eéxperimental group were told
that they were permitted to type at the keyboard only while working on a probiem: When
the instructions for a lraining problem included the words "TYPE THIS," they were to type
in the exact sequence of keys indicated. When the instructions did not provide a solution,

followed by problems exemnplifying How to issue the commands. They weré to study the
examples, but not type anything at the keyboard. Subjécts worked through the manual at

their own pace; on the average, the experimental subjects took 1-1/2 hours and the control
subjects, 1 hour.

on the manual and one on the screen of the IBM-PC. A mixer connected to a video

superimposed in the lowe~ right corner. This allowed us to record and time ihe subject's

interactions with the computer, as well as reading times per page of the manual.

Two days after the training session, subjects returned for the testing session in which

18
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present during both sessions to call up the appropriate VisiCalc spreadsheet for each

problem and to note the siibject's siuccess at working the problems.
Resulis and Discussion
Scoring
We uséd several performancé measurés. Opeé was success at soling the problenis

(accuracy). We awarded 1 point for each correct solution énd 0 points for an incorrect

solution:  The correctness of a solution was judged by wiether it satisfied the gosls

specified for the problem; using appropriate commands: Partial credit (5 points) was
awarded if the subject attempted to use the appropriate command but missed Tome minor
detail of the syntax. We also noted solution times for correct and partially correct
responses. These weré calculated frori the timestamps on the frames of tha videotape,

measured from the first appearance of the page displaying the instructions for the problem

to the time when the last command of the solution was entered. Although the data in

Tables 2 and 5 report solation times ‘n seconds; the analyses used /og(time) in order to

~

Subjects were asked to !ist the types of ccniputers they had used, to list the programming
languages they had studied and the duration of study, and to rate the freouency with which
they used various computer applications (e.g., text editors, graphics packages, electronic
spreadsheets. and statistical packages).  Subjects who were familiar with electronic
spreadsheets did not participate in the study. The remaining subjects were classified into
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of computer programming and had used computers less frequently in gen=ral, as well as

less frequently for text editing. Subjects with even less experience or no experience with
computers were rated as novices.

a three-point rating scale: O (novice), 1 (intermediate), and 2 (experienced). Subjects in the
experimiental group had a mean rating of 1.0, and control subjects had a mean rating of
1.3. Experierice was used as a grouping variable in all of the analysés to be reported. The
results validated the ratings: subjects wit.n r-:ater experience solved more problems correctly

Performance on Problems During Training
Table 2 presents mean accuracy Scores for the experimental group on the training
-oblems as a function of Practice Form and Spacing. Only data for the experimental

20
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on accuracy, F(1.27)=19.9. p<.01. with better periormance in the Guided Practice condition
than in the Mixed and Problem Soling conditions. Accifacy scoreés on Guided Practice

Solving problems; the latter two conditions did not differ significantly:

The Spacing of the training problems in the training manual aiso influenced performance.
Overall; subjects were 5% more accurate when problems were massed than when they were

Similar results were obtained for solution times. Table 3 presents the mean tires (in

seconds) that subjects took to correctly soive a training problem: Practice Form again

produced a significant main effect: F(2,54)=17.9, p<:01. Suhjects solved Guided Practice

problems about 20 seconds faster than Mixed Practice problems, #29)=3.7, p<.01, and
about 30 seconds faster than Problem Solving problems, #29)=5.0, p<.01. Subjects were

also faster at solving the Mixed Practice problems than the Problem Solving problems,

There was no main effect of Spacing on solution times. Subjects appeared to take
longer on massed problems than distributed problems in the Problem Solving condition:

however. the interaction of Spacing and Practice Form was not reliable.?

Table 3 als0 lists the mean time that control Sibjecis chose o spend siudying e iraining
problem and its solution. These times do not repreésent interactions with the computer,

since subjects in this condition were not allowed to type at the keyboard: Rather; these

21
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data represent the mean amount of time thit subjects studied the page of the manual
containing a training problem. |t is interesting to riote that the times for the control group
are quilé simiiar to ihe times in the Guided Practicé condition. The similarity of the Guided

Practice condition to the control group will be discussed further below.

INSERT TABLE 3 ABOYUT HERE

produced the best resulis during training; in order to produce a correct seclution to a Guided

Practice problem; subjects simply had to follow the instructions. Carroll et ai. (1985)

the Guided Practice instructions or getting back on track if they made an error. However,

the preserice of the experimenter may have led subjects to follow the Instrictions more

carefully and discouraged them from exploring on their own.

The Superior performance on massed prouvlems during iraining is also to be expected.
In the massed condition, the Solution to a problem can bé held in working mémory and can
serve as a model for subsequent similar problems. Therefore, it is of greaier interest
whether comparable resuits ‘are obtained at test.
Performance on Problems at Test
F(2,54)=4.8; p<.05, the source of the effect is quite different: The Guided Practice
condition produced tHe worst performarice at test rather than the best. Sirceé accuracy was

clearly due to the superiority of these two conditions over the Guided Practice condition.
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of tlve training problems; F=2:0:

INSERT TABLE 4 ABOUT KERE

Table 5 presents the mean solution times for correct resporises. ThHere was no main
effect of Practice Form on solution times; subjects in all three conditions soled problems in
about 90 sec: Taken together with the accuracy data, these results suggest that the lower

accuracy of the subjects in the Guided Practice condition was due 1o a real difference in

learming and not Simply tc a speed/accuracy trade-off.

There was a main effect of Spacing on 5olution times, F(1.27)=9.5, p<.01. As shown in
Table 5, distributed spacing shortened overall solution times by an average of 24 seconds.
We had expected that increased problem solving activity in the Problem Solving and Mixed

interaction of Practice Form and Spacing was not statistically reliable, F=1.9.

INSERT TABLE 5 ABOUT HERE

The Control Group vs. the Experimental Group

Overall; performance of subjects .1 the expéri~ ital group was supericr i9 ihai of the
control group, those subjects who studied the training manual without interacting ar all with
the computer. Their data aré given in the righimost column of Tables 4 and 5. By

collapsing over Practice Form; a 2x2 ANOVA was performed, using as factors of treatrisnit
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Spacing (Massed vs. Distributed) and Group (Experimental vs. Control). The experimental
the problems than the control group. F(1,36)=8.8, p<.01.> There was rio main effect of
Spacing on either measure. One might have expected an interaction between Spacing and

Group, since Spacing had produced a main effect on soiution times for the experimental

overall, the performance of the experimental subjects in the Guided Practice condition was
very similar to that of the control group. As noted above, subjects in the two conditions
spent equal amourts of time studying the training problems. The two conditions also
produced similar levels df accuracy at test. However, there appears to be an advantage fbi’

condition was only 90 sec. The faster time in the Guided Practice condition may be due to
the hands-on, step-by-siep inieraction with the computer that this condition provided.
However. this is not the only possible explanation.  Subjects in the Guided Practice
condition were part of a within-subject désign and thus were also exposed to problem-solving
trainit.,g for other commands. This problem solving practice may have contributed to faster

see whether subjects trained ®xclusively with Guided Practice woula still produce {aster times

Solving? One possible explanation involves the amount of time subjects spent on ihe
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training problems.  Subjects -spent the least amount of training time on problems in the
Guided Practice condition and the most time on Problem Solving problems. One could
argué that the form of practice is irrélévant except insofar as it motivaies subjects io spend
more time on training, thereby producing a stronger iepresentation of the procedures in
memory.

solution times at test. Second, differences in study time did not always prodice
corresponding differences in periormance.  Subjécts Spent significantly fess time during
training on Mixéd Practicé problems than Problem Solving problems. However, at test, the
two conditions did not differ significantly in terms of either accuracy or solution times. Of

course: the shorter training times for tne Mixed condition were probably due to the fact that
the first mixed trial was guided practice. which subjects completed quickly since it did not
require probiem scliving.

In order to further refute the argument that our results are confounded with total training
timz, we computed correlations between training time and test performance for each of the
three types of training. The correlations between iraining time and test accuracy tended to
be small and negative (Guided Practice condition, r= -02; Problem Solving condition, r=
529: Mixéd Practicé condition, r= -.12), suggesting, if anyihing., that subjects who spent
more time on training problems tended to perform fess accurately at test: The correlations

Practice, r= .22; Problem Solving, r= .21; Mixed Practice, r= .13), which may simply reflect

dif'zrences in iyping speed among subjects.
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the difference between the Guided Practice condition and the conditions that iiclude
and not simply the quantity of time and attention they devote to training.
Problem Solving vs. Mixed Practice

Is Mixed Practice just a misture? We originally included this condition bécausé we
suspected thal subjects would need an example of a corréct command in order to interpret

the abstract syntactic rule (Charney & Reder. in press; Reder, Charney & Morgan: 1986):

problems on their own. However. the results reveal very littie difference between the
Mixed condition; however, this was probably due to the combinatich of a fast guided

practice problem followed by two slower problem solving probiems. THus, our subjects did

principles for manual design than learning by example. The results of this experiment force
us to reconsider both strategies:

differed somewhat from Sweller and Cooper's, thé comparison is siill apt. We found that

performance ai test was consistently betier when training consisted of problem solving than
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when it presented worked-out examples. Even when examples were combined with problem

test. Sweller and Cooper’s subjects were always tested immediately after the training

this advantage disappears with time as examples become increasingly difficult to retrieve

from memory. This would sugges: that when the test immediately follows training; subjects
would be able tc retrieve the exampie and perform better than subjects who only Fave
trained with problem solving. However, after a delay, the example may no longer be
retrievable. In this case, all subjects are forced to make use of prohlem Solving techniques
and subiects who have had practice applying the procedures with problém Solving W'

perform better.

The second explanation Has to do with the demands of the tasks. Sweller and Cooper

were dealing with algebra, where the basic operations were already well-learned by the

have been more advantageous than problem solving in this situation since the major
challenge is learning to recognize the problem types. In cantrast, learning to select and
execute computer commands requires learning new operations as well as recognizing the
situations in which they are appropriate. |n this case, studying sxamples, or ever working
through step-by-step instructions; is apparently less useful than generating commands

independently:

The relatively poor performance in the Guided Practice condition is consistent with Carroll

et al.'s (1985) finding thai step-by-step tutorial instruction is inadequate. However; our
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results suggest that the goalsetting and exploration aspects of the discovery learning
sivdtegy. as employed in Carroll et al.'s Guided Exploration materiais: may not be the
primary Source of the advariage thev found over training with the commercial tutoria!

manual. A substartial part of the advantage may be due simply to the problem solving

acuvities confer additional benefits over and above problem solving.

We note that our results are limited to problems that can be solved by applying a single
method rather than requiring combinations of procedures. It i§ intéresting to speculate on
whether our results will extend to more complex problems. We sometimes noticed that

e

independent solutior ‘irst.  We expect that if Subjects are presenied with complex probisms.

domain? Carroll et al.'s (1985) subjects were secretaries learning to Usé a word pProcessor.

They were inexperienced computer users, but highly experiericed at the types of tasks they
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exploration on . relevam features of the system and helped them invent plausible problems
to try to solve. In contrast, our subjects were learning a new compuie: application without
any real krow!edge of ithe US&8s to which a spreadsheet might be put. As a result, our

bztween previous computer experience and training condition in our study: while the
expeiienced users were better at learning io execute the commands efficiently, both groups

of subjects had to lecrn about the cituatigns in which a command was apprupriate.

their present form, since most such manuals rely exclusively on guided practice. Novice
iisers workifg through such tutorials may successfully complete al! of the exercises and still
rct fearn what they need to Use the commands on théir owr. W& believé that adapting the
Frobiem Solving form of lraining developed for this stucy and distributing practice will
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APPENDIX A

The Move command moves the entire row or column that contains the current cell to
another position on the worksheet.

PROCEDURES:

/M [FROM] . [TO] [RETURN] MBQéé the contents of rov or column

or column specified in the [TO]
coordinate.

The Move command requires the following information:

e The FROM Coordinaies: The coordinates of a cell in the row or column that
you wish to_move. V:sncanc autcmatically f||ls in the coordinates of tne current

cell {e.g., D5) as the FROM coordinates. If the curréen cell i5 not in thée row or
column you wish to move, type [BKSP] to erase -ese coordinates and type the
coordinates of a cell in the row or column you wa.t to move. Then type a
period. Three periods apoear on the edit line. Now you can type the "TO”
coordinates.

e The TO Coordinates: The coordinates of a ceil specifying the destination of the

move: The TO coordinates must contain either the same column letter or the

same row number as the FHOM coordlnates The VlSlCaIc progfam determlnes

lf the column letter in the two coordmates is the same, then a row is moved; if
the row number is the same, then a colurmn is moved.

The dlfference between the FROM ;ajg TO coordlnate,, tells VisiCaic where to
put the moved information. If the FROM coordinates (e€.g.., C5) have the same
column letter as the TO coordinates (e.g., D3), then the contents of row 5 will
move up to row 3. [f the FROM ccordinates {e.g.; D5) have the same row

number as the TO coordinrates (e.g:; BE); then the contents of column D will
move left to column B:
VisiCalc makes room for the row or coiumn ycu move by shifting the bthef rows and
colurins over. S¢ moving a column c¢r row i0 a new location does not "cover up” any
other entries.
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A Typical Manual Entry for an Easy Command

BLANK COMMAND
The Blank command irrétrievably erases the entry in the current ceil.
Procedures: L , .
/B [RETURN] Erases the label or value in the current cell:
If you typed /B by mistake, you can abort thé command as long as you have not_yet
typed [RETURN]. To undo the /B. type any kev cxcept [RETURN], [HOME] or an arrow
key.
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followed 5y two Problami Soling problems.

“The slower times in the Massed-Problem Solving condition appear to be due to one
especial” difficult comimand. the "Tilles” command. Of the 10 subjects in this condition
with mezr Solution times over 160 seconds. 6 were working on the Tilles command (we did

3The degrees of freedom differ in the two analyses because two control subjects failed

to solve any test problems correctly. Lata for ihese subjects could be included in the

accuracy analysis but riot the solution time analysis.



TABLE 1
VisiCalc Commands Presented in the Training Manual,
Classified by Difficulty

EASY COMMANDS DIFFICULT COMMANDS
/B Blank a cell (type) Enter value or label in a cell
/D lelete a row or column /% Edit the entry in a cell
JF  Format a cell’s entry /M Hove a column or row
/T Transfix column/row headers JPF  Crecate a printfile on disk
/- Fill a cell with characters /R Replicate a cell or cells

/GC  Change width of columiis /W Split window

n




TABLE 2
Mean Accuracy Scores for Solving Practice Probiems
During Training, as a Function of
Form of Practice and Spacing.

FORM OF PRACTICE

I Guided Mixed Problem-Solving
SPACING Practice Practice Practice

-89 .84

Massed .99

Distribuced .98

)
»

Ux




TABLE 3
Hean Solution Times (sec) for Practice Problems
During Traininyg,; &s a Function of
Form of Practice and Spacing.

FORM OF PRACTICE

Guided Mixed Problem-Solving CONTROL
SPACING Practice Practice Practice GROUP?

wi
o
o

Massed 52.6 72.4 97.7

fos]
o
Lo
w
N
un

Distributed 52.5 71.2

studying an example problem and its solution without typing at the keyboard
et any time.




TABLE 4

Mean Accuracy Scores at Test,
as a Function of Form of Practice and Spacing:

FORM OF PRACTICE

Guided Mixad Problen-Solvirg CONTRCL

SPACING Fractice Practice Practica GROUP

Massed - 47 .65 .64 .49

Distributed .59 -67 L1 .46




TABLE 5

7 Mean Solution Times (sec) at Test,
as a runction of Form of Practice and Spacing.

SPACING

FORM OF PRACTICE

Guided Mixed Problsr=Solving
Practice Practice Practice

CONTROL
GROUP

Massed

Distrivuted

89.1 110.2 106.6

92.6 80.1 62.7

134.6

135.0




FIGURE 1: Typical Practice Problem: Presented in (A) Guided Practice For and
(B) Problem Solving Form, each seen in conjunction with VisiCalc Spreadsheet
on screen as in (C).




A. GUIDED PRACTICE FORM

Alphaberize the names by putting the rovs containing Steele and Stewart
further down in the appropriate spots: Start with cell Al as the cLrrent
cell.

TYPE THIS: /M . &7 [RETURN]
/M . A7 !RETURN]

B. PROSLEM SOLVING FORM

Alphabetizé the names bv putting the rows containing Steele aiid Stewart
further down in the appronriate spots.

Feedback, appearing on the following page:

vou could have used the following sequence of commends (starting with cell
Al as he current cell) to Solve the preceding problem:

/M . A7 [RETURN]

/M . A7 [RETURN]

C. CONTENTS OF VISICALC DISPLAY IN INIiTIAL PROBLEM STATE

A B
Steele Clerk
Stevart Clerk II
Sanders Manager
Schiff Manager
Sebert Accountanz
Snyder Sec’y
Sveat Clerk III

1
2
3
4
5
6
7
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